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REVERSIBLE PARANEOPLASTIC LIMBIC
ENCEPHALITIS ASSOCIATED WITH
ANTIBODIES TO THE AMPA RECEPTOR
Until recent years, autoimmune limbic encephalitis
(LE) was mostly viewed as a paraneoplastic disorder as-
sociated with onconeuronal antibodies to intracellular
antigens (mainly Hu, Ma2). Except for some patients
with Ma2 antibodies, the outcome was considered
poor.1,2 Currently, a growing number of immune re-
sponses against cell surface neuronal receptors are being
described in patients previously considered antibody-
negative.3-5 One of these new antigens is the GluR1/2
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (or AMPA receptor [AMPAR]).6 Recog-
nizing the syndrome associated with AMPAR antibod-
ies is important because symptoms are often fully
reversible. Here we report the clinical features of one of
the patients whose serum and CSF were used to isolate
this antigen.

Case reports. A 67-year-old woman came to our
attention because of behavior and memory problems.
She had been well until March 2008, when a right
breast ductal infiltrating adenocarcinoma (T1, N1,
M0) was diagnosed after routine screening mam-
mography. In the ensuing hours after breast surgery
she developed confusion, hypersomnia, visual hallu-
cinations, and combativeness. On the following days
she improved slightly, and was discharged. Due to
persistent symptoms she was admitted to the neurol-
ogy ward 2 weeks later. On examination she was
calm, alert, and cooperative, with a mild depressed
affect. She had decreased verbal fluency, but lan-
guage function was otherwise normal. She knew her
name and recognized family members without diffi-
culty. She knew that she was in the hospital and was
oriented to the year, but not to the day and month.
She was able to count backwards and recite the
months in reverse. Memory testing showed that she
was unable to recall words, pictures, faces, or short
stories after 5 minutes. She was also unable to recall
details of her daily life in the hospital. She could not
remember any event of the previous 3 years. The re-
mainder of the neurologic and physical examination
was unremarkable. Routine serum analyses were nor-
mal, including thyroid hormones, antithyroid anti-

bodies, antinuclear antibodies, and vitamin B12 and
folic acid levels. HIV and syphilis serology were neg-
ative. Brain MRI demonstrated very mild bilateral
fluid-attenuated inversion recovery medial temporal
lobe hyperintensities. EEG showed transient bilateral
temporal sharp waves without clinical seizures. CSF
analysis revealed 32 white blood cells/mm3 (90%
lymphocytes), normal protein and glucose levels, ab-
sent oligoclonal bands, and negative cytology for
neoplastic cells. CSF studies for syphilis, herpes sim-
plex 1 and 2, human herpesvirus 6, and mycobacte-
rium tuberculosis were negative. Paraneoplastic
antibody studies in serum and CSF were negative.
Studies for novel antibodies revealed serum and
CSF reactivity with cell surface antigens predomi-
nantly expressed in the neuropil of hippocampus;
further characterization using reported techniques6

demonstrated the antigens to be the GluR2 sub-
unit of the AMPAR. Paraffin sections of the pa-
tient’s tumor showed robust expression of GluR1/R2
(figure).

The patient was discharged after receiving a 5-day
course of high-dose IV immunoglobulins (2 g/kg) fol-
lowed by chemotherapy with Adriamycin and cyclo-
phosphamide. Three months later, her memory had
improved, but she had persistent severe apathy. Task
planning was poor. Her mood was depressed and she
had severe insomnia. Formal neuropsychological evalu-
ation showed decreased spontaneous speech production
and low scores on verbal fluency tests (word fluency
FAS test score: 18, “set test” of Isaacs global score: 9).
The rest of the examination was normal, except for a
retrograde amnestic gap of 2 years. At the 1-year
follow-up the serum GluR1/2 AMPAR antibody titers
were undetectable. Her mood and neuropsychological
evaluation were normal but she had partial amnesia of
the illness and the previous 2 years.

Discussion. In a series of 45 patients with paraneo-
plastic or idiopathic LE, the presence of antibodies
only directed to cell surface antigens (including
NMDA receptors, VGKC, and yet to be identified
antigens) correlated with better outcome.5 One of
these antigens was recently identified as the GluR1/2
AMPAR, which are the predominant subtype of
AMPAR in the hippocampus.6 Patients’ antibodies
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caused a decrease of pre- and postsynaptic GluR1/2
receptor clusters in cultures of rat hippocampal neu-
rons. Given that the levels of receptors were more
affected at synapses than along dendrites, the find-
ings suggested a mechanism whereby patients’ anti-
bodies disrupted receptor trafficking/turnover,
relocating them from synaptic to extrasynaptic sites/
intracellular pool. These effects are similar to neuro-
nal plasticity models that decrease synaptic strength,
also called long-term depression.7 The effects of the
antibodies were shown to be reversible. Of interest,
our patient’s ability to form new memories returned
as the AMPA antibody titer decreased.
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Figure GluR2 antibody specificity and expression of GluR2 in the patient’s tumor

(A) Reactivity of patient’s CSF (diluted 1:10) with nonpermeabilized cultures of rat hippocampal neurons developed with immu-
nofluorescence (�800). Note the intense immunolabeling of the neuronal cell surface. (B, C) Patient’s tumor immunolabeled with
patient’s biotinylated immunoglobulin G (IgG) (B) and a mouse monoclonal antibody against GluR2 (MAB397, Chemicon) (C)
developed with immunoperoxidase (�200). Note the similar pattern of reactivities between the patient’s IgG and the GluR2
antibody. No reactivity was detected with IgG from a normal individual (not shown). (D, E) Immunofluorescence of HEK293 cells
(�400) transfected with GluR2 reacting with the GluR2 monoclonal antibody (D) and the patient’s antibody (E). Merged reactivi-
ties are shown in (F). All techniques used for these studies have been previously reported by the authors.4,6
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Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.1-3
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